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RESULTS OF THE ROCKWELL NASP AERO PROPULSION FORCE MODEL
NAPF-1 TEST (NAP-21) IN THE NASA LANGLEY 14 x 22 FOOT SUBSONIC
TUNNEL (U)

by

A.J. Healey
Test Support

National Aero-Space Plane

ABSTRACT

A scale model of a National Aero-Space Plane, a Rocketdyne D791-4B airframe
configuration and the Rocketdyne aftbody nozzle, was tested in the NASA Langley
14 x 22 foot subsonic wind tunnel, Hampton, Virginia from 17 January, 1990 to
21 March, 1990. The purpose of this test was to obtain powered ground effects, air
vehicle forces and moments, stability and control, low speed nozzle performance,
powered interference effects on aerodynamics, control surface hinge moments, and
nozzle aft body acoustic data. These effects were investigated at Mach 0.2. Data
was obtained in 440 runs. This report does not contain any classified data or
figures. For such information refer to the NASP pretest report NA 89-187 and
NASA test data NASA R 90-4 , both of which are located in the Rockwell NASP
Technical Information Center at Downey.
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1.1

1.2

1.3

1.4

U)

U)

U)

(%))

1.0 INTRODUCTION

This document presents a summary of the NASP Aero Propulsion Force
Model NAPF-1 Low Speed Ground Effects Test (NAP-21). The model,
instrumentation, installation, and test conditions are described briefly, and a
schedule of completed runs and anomalies are included.

A scale model of the Rocketdyne D791-4B airframe configuration and the
Rocketdyne aftbody nozzle was tested in the NASA Langley 14 x 22
subsonic wind tunnel, Hampton, Virginia. The model was shipped to
Langley on January 17, 1990 and model installation in the test section
began February 12, 199). Testing began February 20, 1990 and completed
March 21, 1990.

The primary purpose of this test was to obtain powered ground effects, air
vehicle forces and moments, stability and control, low speed nozzle
performance, powered interference effects on aerodynamics, control surface
hinge moments, and nozzle aft body acoustic data. The test also included
some side slip angle runs to aid in the analysis of cross wind effects in
ground effect .

All test objectives were met. On-site preliminary analysis of the data is
included in section 8.2.
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1.0

1.6

INTRODUCTION (Con't)

(U)

(8))

Summary:

Test Facility: NASA Langley 14 x 22 Foot
Subsonic Tunnel

Facility Test Number: 372

Test ID Number NAP-21

Installation Date: 12 February, 1990

Test Start Date: 20 February, 1990

Test Completion Date: 21 March, 1990

Test hours: 247 hours

User Occupancy Hours: 428 hours

Number of Runs: 440

Mach Number 0.2

Dynamic Pressure 60 psf

Angle of Attack -4° to +16°

Beta Range -4°,0°to 8°

Model: NAPEF-1 (60’-scale D791-4B)

The following personnel were responsible for the NASP Aero Propulsion

Force test:
Test Engineers:

Data Analysis:

Facility Test Engineers:

Alan J. Healey 213-922-0682
Neil W. Bosmajian 213-922-0026
Deloy C. Olsen

Dave E. Berndt

Colin M. Mc Kinney

Mike Froehlich

Greg Gatlin 804-864-5065
John Paulson 804-864-5071

NASP COMPETITION SENSITIVE

ROCKWELL INTERNATIONAL CORPORATION

ROCKETDYNE
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1.0 INTRODUCTION (Con't)

1.7 (U) Allinquires regarding this wind tunnel test program should be directed to:

Rockwell International
12214 Lakewood Blvd.
Downey, California 90241
Attn: Alan Healey

M/S NA 40

(213) 922-0682
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2.1

2.2

2.3

2.4

2.5

2.6

U)

U)

)

U)

(%)

U)

2.0 REMARKS

Table 3 is a detailed list of all known anomalies,events, and remarks
regarding the model, instrumentation, data and programming during the
test.

The NASA/Langley computer was not reading the ESP pressures in their
proper sequencing order which resulted in incorrect pressures being used to
calculate, area pressure, and balance cavity pressure corrections. This was
due to an error in the numerical sequence set up of the ESP cables to the
ESP scanner box. This sequencing error was corrected and accounted for
through a computer program change (Table 3 run 158).

Numerous problems were encountered with the NASA/Langley height
readout. The sector head which traverses the model up and down would
slip approximately 1 to 1.5 inches when fully traversed. The height L.E.D.
readout had to be zeroed every 4 to 6 runs.

Pressure reference lines from the cannon/knuckle to the ESP modules were
continually being pinched off by the blade strut cover, tight duct tape, and
wire & tubing shift during test runs.

Ambient temperature and model temperature above 105°F appeared to affect
the ESP readout and zero pressure drift in the forward ESP module.

Condensation build-up electrically grounded the metric to non-metric part of
the model. A heat gun was used to dry out any remaining water. This action
dried out the excess water, but inadvertently melted pressure reference
lines. A complete model break down followed in order to replace the
melted pressure lines.

NASP COMPETITION SENSITIVE
ROCKWELL INTERNATIONAL CORPORATION
ROCKETDYNE

7




31 - ah
2.2 0y
33 U

3.0 TESTFACILITY DESCRIPTION

The NASA Langley 14 x 22 foot Subsonic Tunnel consists of a closed
circuit, single return, continuous flow atmospheric type wind tunnel and a
model preparation area (MPA).

The wind tunnel test section measures 14.5 feet high, 21.75 feet wide and
approximately 50 feet long and may be configured closed with the walls in
place, open with the walls and ceiling raised, and slotted with slots in the
floor, ceiling, and walls. The test section floor is composed of two
removable floor sections which may be a combination of model support
carts, moving ground belt, or a slotted floor section. Also, floor boundary
layer control is provided by a suction device in front of the first floor
section. A high pressure air station and motor generators are available for
model power. The test section is viewed through windows from the main
control room where the tunnel and model controls are located. The test
section is serviced by test site 1 which is located in a room beneath the test
section.

The model preparation area is a large, enclosed high-bay area. A high-
pressure air station and a motor generator distribution box are available for
powered models. A second floor control console overlooks the MPA and
provides controls for the air station and motor generators. The MPA has
five model interface stations hereafter called test sites (#2, #3, #4, #5, and
#6) which may be shared by several models depending upon their data
requirements. A model-support cart system was designed to permit models
to be installed on a cart in the MPA and rolled into the wind tunnel test
section fully assembled and calibrated.

NASP COMPETITION SENSITIVE
ROCKWELL INTERNATIONAL CORPORATION
ROCKETDYNE
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3.0

34

TEST FACILITY DESCRIPTION (Con't)

U)

This tunnel is capable of force, moment and pressure studies. A moving belt
ground plane with boundary layer suction and variable speed capabilities for
operation at test section flow velocities can be installed for ground effects
tests. For this test the moving belt ground plane was not used, however,
the boundary layer suction device was used. A universal model support
system utilizes a three joint rotary sting with +45° of pitch, +45° of yaw
and 6 feet of vertical traverse. This system is mounted on a horizontal
turntable with +165° of rotation. Models can be powered with either high
pressure air (15 1b/sec at 5,000 psia) or variable frequency electric systems.
Data are recorded with 60 channels and reduced off site.

NASP COMPETITION SENSITIVE
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4.1

4.1.1 (U)

4.1.2 (U)

4.1.3 (U)

4.1.4 (U)

4.0 MODEL DESCRIPTION

General

The model used for this test was a 60" scaled representation of a modified
Rocketdyne D791-4B airframe configuration. The model was designated as
NAPF-1 and the assigned test identification code was NAP-21. The lower
forebody was a representation of the Rockwell baseline vehicle D791-10R
(model station 0 to 18.25, Drawing D791-10R-900), with a faired over inlet
starting at model station 18.25 and continuing to the engine module. The
upper fuselage surface of the model was extended outward from the
baseline contour to provide the required internal area needed for the dual-
flow balance and the internal nozzle flow passage. The model baseline
configuration was the modified D791-4B vehicle with: flow module -601
(w/cowl flap angle 3=0°), landing gear on, nozzle flow fences on, and all
control surface deflections at 0°.

The model control surfaces consisted of; elevon angles of 0°, £10°, & +20°;
body flap angles of 0°, £10°, & +20° and speed brake angles of ASB 40°,
which were manually set and held in place by brackets and pins.

The elevons comprise all that part of the wing panels aft of the elevon hinge
line x= 52.445 and outboard of butt line B.L. = + 3.28. The left hand
elevon was gaged to obtain hinge moment data and the right hand elevon
instrumented with pressure taps.

One set of body flaps were fabricated out of Armco 17-4 stainless steel with
three pairs of brackets to achieve the desired deflection angles (ref WT
01007-24). The brackets were reversed to obtain the negative deflections.
The left hand body flap bracket was gaged for hinge moment measurements
at 0° and £20°. The +10° deflected body flap was not gaged. Static pressure
taps were located on the lower surface of the right body flap.

NASP COMPETITION SENSITIVE
ROCKWELL INTERNATIONAL CORPORATION
ROCKETDYNE
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4.1.5 (U)

4.1.6 (U)

4.1.7 (U)

4.1.8 (U)

419 U)

Speed brake deflection was achieved by deflecting the elevons and body
flap together. The first speed brake configuration, ASB 40°, was
accomplished by deflecting the body flap up -20° and the elevons down
+20°. The second speed brake configuration, ASB 20°, was not tested.

The wing was constructed of Armco 17-4 stainless steel and had swept
leading edge clipped delta planform with a flat lower surface which was
parallel to the wing reference plane. The wing leading edge sweep was
79.5° and the dihedral angle approximately 25 degrees with +1 degree of
incidence. Static pressure taps were located on the lower surface of the right
wing.

The mid fuselage block, model station 23.0 to 33.641, contained two
pressure drop plates located at model stations 24.5 and 29.1. These
pressure drop plates were used to help regulate the pressure and velocity of
the internal air flow before it reached the nozzle throat. The first pressure
drop plate (WT 01007-206) at MS=24.5 was 0.10 inches thick with 309
drilled holes for a total open area of 0.4691 square inches. The second
pressure drop plate (WT 01007-205) at MS=29.1 was 0.10 inches thick
with 309 drilled holes for a total open area of 1.047 square inches.

A pair of removable nozzle flow fences were constructed out of Armco 17-
4. These flow fences were mounted on the outboard edges of each side of
the external nozzle just aft of the internal nozzle exit plane. The flow fences
were removed to check their effectiveness in controlling lateral plume
divergence.

Landing configuration included one pair of main landing gear, left and right,
and one nose landing gear assembly (ref drawing WT 01007-10) . The
wheels for the nose assembly were constructed of stainless steel and the
nose gear strut of Armco 17-4. The wheels for the main gear assembly were
constructed of 7075-T6 aluminum and the main gear strut of Armco 17-4.

NASP COMPETITION SENSITIVE
ROCKWELL INTERNATIONAL CORPORATION
ROCKETDYNE
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4.2

4.2.1 (U)

4.2.2 (U)

4.3

43.1 (U)

Flow Modules

Two interchangeable flow modules (-601 & -701) were built for this test,
ref. WT 01007-6, WT 01007-7. Due to limited time and poor mating
between module 701 and the external nozzle, module 701 was not tested .
Both modules were made of Armco 17-4 and had 12 flow paths with 11
splitters. The flow paths were set at +4°, +12°, £20°, +28°, +36°, and +44°.
The eleven splitters were set at 0°, £8°, £16°, £24°, £32°, +40° with a half
splitter at +48° (Figures 1 &2). The total nozzle throat area was 2.51797
square inches for module -601.

The distinctive difference between module 601 and 701 was their cowl flap
deflection angle. Flow module 601 has a cowl flap deflection angle of 0°
and module 701 had an upward cowl flap deflection angle of -9° .

Aft Fuselage

The aft fuselage lower surface (external nozzle) was constructed modeling
the Rocketdyne -4B configuration. The nozzle surface contained pressure,
temperature, and acoustic instrumentation as shown in Figure 3.

NASP COMPETITION SENSITIVE
ROCKWELL INTERNATIONAL CORPORATION
ROCKETDYNE
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5.1.1

3.1

U)

5.0 INSTRUMENTATION

General

The mow..i was instrumented with 181 orifices to measure surface static

pressures on the vehicle, but 52 of the pressure taps were eliminated as a
result of NASA/Langley inability to support 48 port ESP modules. The
following is a summary of those measurements that were available:

Static Pressures:

External Nozzle:

Upper Strut

Right Wing

Fuselage Side

Flow Module - External
Flow Module - Internal
Elevon

Body Flap

Balance Cavity

TOTAL

Total Pressures:
Flow Module - Internal

Thermocouples:
External Nozzle
Balance Cavity

ESP Module

Flow Module - Internal

Kulites
Extermnal Nozzle
Fuselage Side

NASP COMPETITION SENSITIVE
ROCKWELL INTERNATIONAL CORPORATION
ROCKETDYNE
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76
16
8

16

r—-MNNw

129
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Planned

102
22
9
20
17
3

181
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5.1.2

5.13

541

3.3.1

5.4.1

(U)

(U)

5.2

)

8.3

(8))

5.4

(%))

542 (U)

543 (U)

Four 32 port 15 psid Electronically Scanned Pressure (ESP) scanners
were employed to measure all the static pressures except for the internal
flow module pressures. One 32 port 45 psid ESP scanner was used to

measure 6 total pressures and 2 static pressures located in the internal flow
module.

Table 1 lists the correlation between the NASA/Langley numbering system
and Rockwell's pressure tap numbering system and pressure tap codes.

Temperature Instrumentation

The 21 coaxial thermocouples located on the external nozzle were not
measured during this entry. The four chromel constantan thermocouples
were used to measure their respective local temperatures (see 5.1.1).

Kulite Instrumentation

Eleven XCE 093 series Kulites were used to obtain fluctuating pressure
data. Eight of the eleven kulites were located on the external nozzle surface,
but only seven of the eight were used( ref WT01007-21) Figure 3. The
remaining three kulites were located on the right side of the aft fuselage (ref
WT 01007-21) . These data were recorded on a facility-supplied FM tape
recorder using WB group I at 60 ips, with a frequency response DC to 40
KC. The center frequency was 216 KHz.

Strain Gage Instrumentation

Hinge moments were obtained from 350 ohm strain gage bridges mounted
on the brackets of the left body flap and on the shaft of the left elevon.

The 0°, +20°, & -20° brackets of the body flap were gaged with a bending
strain gage model WK-06-06TW-350. The £10° brackets were not gaged.
The hinge line for the body flap is at model station 56.704.

The left elevon was gaged at its shaft with a torsion strain gage to obtain
hinge moment data at 0°, £10°, & +20°. The hinge line for the elevons is at
model station 52.455.

NASP COMPETITION SENSITIVE
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6.1

6.2

6.3

6.4

U)

)

U)

L)

6.0 MODEL INSTALLATION

The model was strut mounted and was designed to obtain nozzle thrust -
minus - drag data, fuselage aftbody force and moment data in the presence
and absence of simulated engine exhaust flow. A 47.750° swept strut was
attached to the aft end of the model in the vertical tail location. The model
was mounted upright on the strut (Figure 4). The strut contained a flow-
through duct to channel high pressure air to the model for nozzle exit flow
simulation and a separate duct for model instrumentation (ref. WT01007-
15). The strut in turn was attached to Rockwell's supplied strut adaptor
which was connected to NASA/Langley's long cannon via a NASA
supplied knuckle and roll coupling.

Two knuckles were employed to cover the required angle of attack range.
The first installation (Figure 4) covered the lower pitch angles from -4° to
+12° while the second assembly, the 24° knuckle, provided for the higher
range of 12° to 16°. The second assembly had the roll coupling mounted
after the 24° knuckle.

The General Dynamics/Convair Division C-15-2.5 A-I Dual Flow-Through
6-Component Force Balance was fixed to the strut with two push-on
screws, and held in roll by a roll pin. The balance adapter was slipped
over and pinned to the balance. The upper aft fuselage was then mounted on
the balance assembly and pinned to the adapter. A grounding strip was
affixed around metric gap.

The dimensions of the General Dynamics/Convair Division C-15-2.5 A-I
Dual Flow-Through 6-Component Force Balance, geometry relating the
model reference center and the balance center can be found in reference
NA 89-187.
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6.0 MODEL INSTALLATION (Con't)

6.5 (U)  All electrical cables and reference pressure tubes were routed from the
model through the blade strut and out the strut adaptor along the long canon
down tunnel support to the electrical patchboard located below the test
section. The one inch high pressure air supply line was also routed to the
same area and connected to the tunnel high pressure supply system. To
guard against the turbulence caused by the nozzle exhaust and general air

flow, the bundles of cables and tubes were tape wrapped to the strut adaptor
and long canon.
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7.1

1.2

7.3

7.4

1.9

1.6

(9))

)

)

U)

)

(%)

7.0 TEST CONDITIONS & PROCEDURES

The NAP-21 test was conducted at a constant Mach number of 0.2 and a
dynamic pressure of 60 psf. Two dynamic pressure sweeps from 0 to 80
psf were performed to confirm that the Re effects on drag were stable at 60
psf.

The test variables included elevon deflection; 0°, £10°, £20°, body flap
deflections; 0°, £10°, +20°, speed brake deflections, NPR settings; 75%,
82%,100%, 112%, 125%, angle of attack ; -4°, 0°, 4°, 8°, 12° 16°,
Beta; -4°, 0°, 4°, 8°, nozzle flow fences on & off, and landing gear on &
off. Data were obtained for all test variables.

The GD C-15-2.5 A-I balance was completely calibrated up to maximum
load capacity in July 1989 at GD's Convair Division in San Diego. A tape
of the balance calibration matrix in NASA/Langley format including,
interactions, pressure tares, etc., was sent to NASA/Langley.
NASA/Langley performed a series of balance check loads to verify the GD
calibration matrix.

In-tunnel check loadings of the balance through the facility's data
acquisition system was performed after installation to ensure the integrity of
the total force and moment measurement system.

Internal nozzle thrust tare calibrations for each NPR setting was conducted
prior to testing. Mass flow measurements, balance supply pressure and
nozzle pressure measurements were recorded for each data point. For these
thrust tares, wing, body flap and external nozzle were removed from the
model and the external nozzle was replaced with a non-metric shield to
avoid jet impingement on the model.

A complete hinge moment calibration was performed prior to the test at the
Rockwell NAA Calibration Facility (ref WTL-090-4). In-tunnel check hinge
moment loads were performed through the facility data system.
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7.0

1.7

7.8

19

7.10

TEST CONDITION & PROCEDURES (Con't)

L)

)

(9))

()

Air pressures required for this test depended upon the NPR. The 75%,
100%, & 125% NPR corresponded to predicted nozzle throat pressures of
approx. 31, 41 and S1psia. Balance supply pressures were set at 168, 228
and 288 psia to obtain the desired Py,,. The corresponding mass flow rate
for the 75%, 100% & 125% NPR settings were approximately 1.659,
2.212 and 2.765 1b/sec, respectively.

The height variation for the ground effect testing was varied from wheels on
ground (one inch above) to tunnel center line. h/L checks were made every
opportunity the tunnel test section was open at which time the height L.E.D.
was corrected.

Using the required Mach number and dynamic pressure setting, a height
sweep was performed for each configuration and power setting, including
power off.

The specific combinations of runs number, Mach number, model
configuration, orientation, and control surface deflections are shown in the
run log, Table 2

NASP COMPETITION SENSITIVE
ROCKWELL INTERNATIONAL CORPORATION
ROCKETDYNE

18




8.1

8.2

U)

U)

8.0 DATA PROCESSING

Magnetic data tapes and tabulated printed data, NASA Langley Report
R-90-4 books 1 thru 32, are available at the Rockwell NASP TIC.
Observations and data analysis from the propulsion group and

aerodynamics group are still pending.

All test objectives were met. On-site preliminary analysis of the data

indicates the following:

5

Stability axis data showed that increasing NPR increases pitching
moment and decreases lift. The decrease in lift is attributed to the
base drag increase and the change in the stream thrust vector angle.

Application of power produces a large positive pitching moment and
increased lift at high angles of attack which would aid takeoff and
landing characteristics.

Ground effect causes a suction effect at low attitudes and increased
lift at takeoff angles of attack.

Unpowered body flap effectiveness shows excellent agreement with
analytical estimates. Body flap control is significantly enhanced due
to addition of power and in the presence of the ground (Figure 6,
Alpha = 14°; Figure 7, Alpha = -4°).

Elevon effectiveness was slightly increased due to plume
impingement.

Internal model flow system non-uniformities were encountered at
total pressure tap #A3 during the entire test. This total pressure tap
lies on the splitter between nozzle 4 and 5 in the internal nozzle as
shown in Figure 1. This pressure spike of 2 to 4 psi caused a
yawing moment and a non-uniform pressure distribution on the
external nozzle surface. This anomaly requires additional analysis
and may require a flow field survey of the nozzle exit plane to fully
characterize the exit conditions
NASP COMPETITION SENSITIVE

ROCKWELL INTERNATIONAL CORPORATION
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8.0

DATA PROCESSING (Con't)

7.

The row of external nozzle static pressures that are in line with the
center line of nozzle 7, see ‘a’ of Figure 3, indicates lower pressures
than those in line with the center line of the splitters to either side of
nozzle 7 (see ‘b’).
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9.1

W)

9.0 TESTMATRIX

Table 2 is a list of all the wind-on and static runs for the NAPF-1 model at
NASA/Langley 14 x 22 tunnel. From the planned 636 runs (reference NA-
89-187), 440 runs were completed. Of those 440 runs, 71 were repeated
for various reasons. Since Kulite data and pressure data could not be taken
at the same time, several key runs were repeated to obtain the acoustic data.
Other runs were repeated when it was discovered that reference pressure
tubes were pinched. A number of baseline runs were repeated in order to
check the validity of the data acquisition method, and to insure data
repeatability. The runs eliminated from the original run schedule due to time
constraints were 32 alternate cowl runs, 32 A20° speed brake runs, and
various angles of attack, power settings and betas runs.
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10.0 CONCLUSION

10.1 (U) All objectives stated in the Pretest Information Report NA-89-187 have
been achieved:

1. Powered and unpowered ground effects

2. Low speed nozzle performance

3. Powered interference effects on aerodynamics

4. Control surface hinge moments

5. Vehicle force and moment & stability and control

Further analysis will provide nozzle and plume flow definition,
configuration effects, and more detailed control surface effectiveness.
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11.3

114

11.5

U)

U)

)

U)

U)

NAS89-187

NASg9-116

NASA R90-4
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12.0 TABLES

Table 1 Pressure Tap Numbering System
Table 2 NAPF-1 NASA/Langley 14 x 22 Run Schedule
Table 3 Test Notes and Anomalies
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Table 1
Pressure Tap Numbering System

A 1
\Ir\ u' i/

4/3090

_Betaz0
INASA /LANGLEY
Computer Code Location C nts
Print Out #'s

1 1 N1,01 _External Nozzle

2 2 N1 Nozzle 12 Exit Static
3 4 N1.04 Nozzle 11 Exit Static
4 -] N1,06 Nozzle 10 Exit Static
5 6 N1,08 Nozzle 9 Exit Static
6 8 N1,10 Nozzle 8 Exit Static
Y ; 10 N1,12 Nozzle 7 Exit Static
8 11 N1.,13 _External Nozzle

9 12 N1,14 |  Nozzle 6 Exit Static
10 13 N1,16 Nozzle 5 Exit Static
11 14 N1.18 Nozzle 4 Exit Static
12 15 N1,20 Nozzle 3 Exit Static
13 16 N1.22 Nozzle 2 Exit Static
14 17 N1.24 Nozzle 1 Exit Static
15 N1.25 External Nozzle
16 19 N2.01 _External Nozzle
17 23 N2,12 External Nozzle
18 24 N2.13 External Nozzle
19 25 N3,01 _External Nozzle
20 27 N3.12 _External Nozzle
21 28 N3.13 External Nozzle
22 29 N4,01 External Nozzle
23 32 N4.06 External Nozzle
24 36 N4,12 _External Nozzle
25 37 N4,13 External Nozzle
26 38 N4,20 _External Nozzle
27 39 N4.25 External Nozzle
28 40 N5.01 External Nozzle
29 42 N5.12 External Nozzie
30 43 NS5.13 External Nozzle
31 44 N6.01 External Nozzle
32 47 N6.06 _External Nozzle
97 108 S16 Upper Strut

98 109 S1.9 Upper Strut_

99 110 _S2.§5 Upper Strut
100 111 S2.10 Upper Strut
101 112 $3.2 Upper Strut_
102 117 S3.13 _Upper Strut
103 11 S4.6 Upper Strut
104 119 S4.9 Upper Strut
105 120 S56 Upper Strut
106 121 _S59 Upper Strut
107 122 S6.1 Upper Strut
108 124 _S6.5 __Upper Strut
109 125 $6.7 Upper Strut
110 126 $6.8 Upper Strut

111 127 Upper Strut
112 129 $6.14 Upper Strut
113 130 W11 Lower Right Wing
114 131 w21 Lower Right Wing
115§ 132 w22 Lower Right Wing
116 133 W31 _Lower Right Wing
117 134 W32 Lower Right Wing
118 143 __&C —Balance Cavity
119 136 WS5.1 Lower Right Wing
120 137 W52 Lower Right Wing
121 138 W5.3 Lower Right Wing
122 139 W61 _Lower Right Wing
123 140 W6.3 _Lower Right Wing
124 149 SR6.3 i I
125 152 SR7.3 _Lower Right Wing
126 155 _SR83 Lower Right Wing

Page 25
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Table 1
Pressure Tap Numbering System

T

INASA /LANGLEY S
Computer Tap # Code Location Comments _l
Print Out #'s |
127 157 SR9.2 Lower Right Wing |
128 160 SR10.3 Lower Right Wing r_run 449 tap1 ecame a reference line pr |
33 49 N6.10 _External Nozzle E
34 50 N6, 12 External Nozzle |
35 51 N6,13 External Nozzle |
36 52 N6,20 External Nozzle
37 53 N6.25 External Nozzle
38 S4 N7,01 External Nozzle
39 57 N7.06 _External Nozzle
40 59 N7.10 External Nozzle
_41 60 N7.12 External Nozzle
42 61 N7.,13 External Nozzle
43 62 N7.20 External Nozzle
44 63 N7.25 Exter le
45 64 N8,01 External Nozzle
46 65 N8.06 External Nozzle
47 66 N8,10 External Nozzle
48 67 N8,12 External Nozzle
49 68 N8,13 _External Nozzle
50 69 N9.01 _External Nozzle
51 71 N9,06 __External Nozzle
52 73 N9.10 External Nozzle
53 74 N9,13 External Nozzle
54 78 N9,20 External Nozzle
S5 76 N9,25 External Nozzle
56 77 N10.13 External Nozzle rding th le_gr w
57 141 SA1.1 Right Side of Flow Module
58 142 SR21 | Right Side of Flow Module
open A n 449 thi n ta me a referen
60 144 SR3.1 Right Side of Flow Module
61 145 SR41 | Right Side of Flow Module
62 17 FO1_ _Center Line on Flow Module_
_63 179 Fo2 Center Line on Flow Module
64 180 FO3 Center_Line on Flow Module
65 78 N11,01 External Nozzle
66 79 N11.06 External Nozzle
67 81 N11.13 External Nozzle
__68 82 N11.,20 External Nozzle
69 83 N11.25 External Nozzle
__70 84 N12,13 External Nozzle
71 85 N13.,01 External Nozzle
72 _86 N13.06 External Nozzle
73 88 N13,13 External Nozzle
74 N13.20 External Nozzle
_15 90 N13.25 External Nozzle
16 91 N14,13 External Nozzle
I iy 92 N15.01 External Nozzle
_18 93 N15,06 External Nozzle
79 95 N15.13 External Nozzle
80 96 External Nozzle
81 97 N15.25 External Nozzle
R, | N16,13 External Nozzle
83 101 N18,13 External Nozzle
84 102 N18.20 Body Flap
85 103 N18.25 —Body Flap
_86 104 N19,13 External Nozzle
87 105 N19.16 __Body Flap _
88 106 N19.20 __Body Flap
_89 107 N19.25 __Body Flap _
90 146 _SAS1 _Right Side of External Nozzle | 4 4 me a_reference li
91 148 |__Right Side of External Nozzle
92 150 _SR7.1 _Right Side of External Nozzle
93 151 SR72 | Right Side of External Nozzle

4/30/90




Table 1

Pressure Tap Numbering System

M

90~147

[NASA /LANGLEY
Computer | Tep # Location Comments
94 156 SRO.1 Right Side of External Nozzle
95 159 j.BJ.Q.J_’_Blﬂm_&ﬁLQLE!mLMﬂL
96 161 | SR112 | Right Side of External Nozzle
129 1 Al Tot. Pres. Radius 4.483 (Rt)
130 182 A2 Rad deg = 32
131 18 A3 Rad deg = 16
132 1 A4 Raddeg =0
133 185 AS Rad deg = -16
134 1 A6 _Rad deg = -32
135 1 A7 Tot. Pres. Radius 4.483 (Lft)
_open _open

137 17 _Ds1 Primary Flow Static
138 177 DS2 Primary F! i

1 _No DS3 Primary Fiow

4/3000 Page 27 AJH
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